The present study evaluated the impact of Taiwan's graphic cigarette warning labels and smoke-free law on awareness of the health hazards of smoking and thoughts of quitting smoking. National representative samples of 1074 and 1094 people, respectively, were conducted successfully by telephone in July 2008 (pre-law) and March 2009 (post-law). Results reveal that the prevalence of thinking about the health hazards of smoking among smokers increased from 50.6% pre-law to 79.6% post-law, while the prevalence among non-smokers increased from 68.8 to 94.1% during the same period. The prevalence rates of smokers who reported thinking of quitting rose from 30.2% pre-law to 51.7% post-law. Multivariate analyses results indicated that the implementation of graphic warning labels and the smoke-free law significantly increased the odds of awareness about the health hazards of smoking [odds ratio (OR) 5 6.39, 95% confidence interval (CI) 5 4. 84-8.44] and thoughts of quitting smoking (OR 5 2.39, 95% CI 5 1.48-3.87).
Introduction
The World Health Organization (WHO) has predicted that tobacco use may kill a billion people by the end of this century. More than three quarters of tobacco-attributable deaths will be in low-and middle-income countries [1] . To curb the tobacco epidemic, the WHO Framework Convention on Tobacco Control (FCTC), the first international treaty devoted to public health, went into force in 2005. As of June 2010, the FCTC had been signed by 171 parties. About 150 countries that have ratified the treaty are required to implement effective tobacco control policies following the FCTC recommendations. Guidelines for implementing smoke-free policies (Article 8 of FCTC) and pictorial health warnings (Article 11) were adopted at the second and third WHO FCTC Conferences of the Parties in 2007 and 2008, respectively. A growing number of countries such as France, Italy, Ireland, Scotland, Spain, England and Uruguay have introduced comprehensive smoke-free policies [2, 3] . In addition, over the past decade, more than 30 countries such as Canada, Brazil, Australia and Singapore have introduced graphic cigarette warning labels to raise public awareness of the health hazards of smoking and to motivate smokers to quit.
Graphic cigarette warning labels serve as an effective population-based strategy to inform smokers and non-smokers about the health hazards of smoking, to increase quit attempts and to reduce smoking initiation [1, [4] [5] [6] . Canada was the first country to introduce graphic warnings in 2001. Warning labels provided health information and served as an important strategy for the comprehensive tobacco control program in Canada. Crosscountry studies [7, 8] showed that Canadian graphic warning labels were most effective in informing smokers about the health hazards of smoking compared with smaller text-only warnings in the United States, United Kingdom and Mexico. In addition, this study [9] found that larger graphic warnings stimulated more cognitive responses, such as thinking of the health hazards of smoking and motivating thoughts of quitting smoking. Moreover, thoughts of quitting was found to be the key mechanism by which warnings stimulate quitting intentions and help smokers feel that they are capable of success [10] . In Asia, a study in Thailand indicated that smokers reported greater levels of awareness and thoughts of health hazards and quitting after the introduction of graphic warning labels [4] .
Studies from developed countries such as Finland [11] , the Netherlands [12] , Scotland [13] and Spain [14] have shown a considerable reduction in workplace and restaurant secondhand smoke (SHS) exposure and in respiratory symptoms among hospitality workers [15] after implementation of a smoke-free law. In addition, previous studies have indicated that implementing smoking ban policies and promoting smoke-free environments had a positive impact on motivating smokers to quit [16] [17] [18] . For example, one study found that hospitalization in a smoke-free environment was associated with increases in patients' thoughts of quitting, which had beneficial effects on subsequent reduction in the number of cigarettes smoked and later attempts at quitting [19] . Comprehensive smoke-free policies were more likely to increase the social unacceptability of smoking and to promote smoking cessation [3] . Despite several studies showing the positive impact of smoke-free policies and graphic warnings, there is a need to examine the impact of the FCTC policies in countries other than the high-income western countries that provide most of the evidence base for these policies. The present study aimed to examine the impact of implementing FCTC policies in Taiwan.
Taiwan has about 4 million smokers. In 2008, the smoking prevalence was 22%. The smoking prevalence for men (39%) was higher than women (5%). Cigarette smoking in Taiwan has resulted in an estimated 18 000 deaths annually [20] . To reduce the tobacco burden, the Taiwan Tobacco Hazards Prevention Amendment Act was passed in July 2007 and took effect in January 2009. The 2009 amended law strengthened existing legislation by introducing a range of tobacco control measures including extending smoke-free areas to almost all enclosed workplaces and public places, adding graphic health warnings to cigarette packages and totally banning tobacco advertisement, promotion and sponsorship as the FCTC has recommended.
The amended law extends smoke-free areas to all enclosed workplaces and most public places. The old law banned smoking in libraries, classrooms, performance halls, indoor gymnasiums, public transportation vehicles, medical care institutions, banks and post offices, while smoking was permitted in designated smoking areas in schools, government offices, hotels, department stores and restaurants. The amended act completely bans smoking in workplaces, restaurants, bars, hotels, shopping malls, campuses, medical institutions, stations, government agencies, banks, post offices and public transportation vehicles. Semi-outdoor restaurants and bars that are only open after 9 p.m., and are intended exclusively for persons beyond 18 years of age, were excluded from the smoking ban. To ensure widespread awareness of, and compliance with, the amended act, several communication strategies including media campaigns and community education programs were implemented between August 2008 and January 2009. The media campaigns used television, radio, newspapers, magazines, the web, bus advertisements and billboards to reach an estimated 23 million Taiwan residents. The main media message was 'Smoking will be prohibited in all indoor workplaces and public places beginning 11 January 2009. Violators will be fined up to New Taiwan dollar (NT$) 10 000'.
In addition, all tobacco products sold in Taiwan have been mandated to contain one of six graphic warning labels since January 2009. The old text-only F.-c. Chang et al.
warnings included six messages on the hazards of smoking such as lung cancer, heart disease, emphysema and low-birth weight babies, along with the benefits of quitting smoking in 12-point font to cover 25% of the front of the packages. The new warnings consisted of a written warning and a vivid color image covering at least 35% of the pack surface, front and back, with additional information including a quitline number (0800636363). To develop effective warnings, graphic health warning images from other countries such as Canada, Brazil and Thailand were collected. Experts from medicine, media and tobacco control fields were invited to design the graphic warnings images and texts. In addition, content pretests and public hearings were conducted to understand the public's reactions to health warnings. Finally, six graphic warnings were selected and revised to reduce ambiguity and misunderstandings. The new warnings included one of six pictures depicting tobacco-related pathology and the hazards of smoking and SHS, such as images of lung cancer, heart diseases, oral diseases and sexual dysfunction. Taiwan's graphic health warning images can be reached at the following website: http://www.e-quit.org/boxworning/ taiwan.html.
Taiwan enacted a tobacco health surcharge in 2002. Several tobacco control measures were implemented, such as smoke-free campaigns and smoking cessation outpatient services. Despite studies showing the benefits of financing smoking cessation outpatient services to help smokers quit [21] , cigarette consumption remained high in Taiwan. The 2009 Taiwan Tobacco Hazards Prevention Amendment Act is a milestone for Taiwan tobacco control. However, few studies evaluated tobacco control policies in Taiwan. The impact of the combination of graphic warnings and a smokefree law on the awareness of health risks and smoking cessation remains unclear. As part of the evaluation of the new act, we analyzed data from two waves of surveys to estimate changes in the general awareness of the health hazards of smoking and thoughts of quitting smoking before and after the implementation of the graphic cigarette warnings and the smoke-free law. The research hypothesis stated that thoughts about health hazards and quitting smoking will significantly increase after the implementation of the graphic cigarette warnings and the smoke-free law in Taiwan.
Methods

Participants and procedure
The present study used national population-based data from two waves of research in July 2008 and March 2009 to assess the impact of the 2009 Taiwan Tobacco Hazards Prevention Amendment Act. The surveys were national cross-sectional random-digit-dialed telephone surveys that used a computer-assisted telephone interview system to collect public opinion on smoke-free legislation, graphic cigarette warnings and SHS exposure in a representative sample of the non-institutionalized population (aged 15 years and older) in Taiwan. Telephone numbers were drawn from 23 counties in Taiwan. Phone numbers were proportionally selected and called by random digit sampling. Household participants were randomly selected. The household telephone coverage rate in Taiwan has been around 98% since 2000. The response rates were 51.0 and 52.0%, respectively, for the pre-and post-law surveys and the cooperation rates were 64.7 and 72.0%, respectively. For the pre-and post-law surveys, representative samples of 1074 and 1094 people, respectively, were interviewed successfully by telephone.
Measures
A comprehensive review of previous empirical studies guided the development of the questionnaires. The dependent variables in this study included thoughts about the health hazards of smoking and thoughts about quitting smoking. Thoughts about health hazards were measured in the pre-law survey with the question 'Do you think that the health warnings on cigarette packages are likely to make you think about the health hazards of smoking and secondhand smoke?' and in the postlaw survey with the question 'Do you think that the The impact of graphic cigarette warning labels and smoke-free law Tobacco Hazards Prevention Amendment Act implementation is likely to make you think about the health hazards of smoking and secondhand smoke?' Thoughts about quitting due to the new act was measured in the pre-law survey with the question 'Do you think that the health warnings on cigarette packages are likely to prompt you to think about quitting smoking?' and in the post-law survey with the question 'Do you think that the Tobacco Hazards Prevention Amendment Act implementation is likely to prompt you to think about quitting smoking?' Thoughts about quitting due to warnings were measured in the pre-law survey with the question 'Do you think that the health warnings on cigarette packages are likely to prompt you to think about quitting smoking?' and in the post-law survey with the question 'Do you think that the graphic health warnings are likely to prompt you to think about quitting smoking?' In addition, perceptions of general smokers' quitting motivation was measured in the pre-law survey with the question 'Do you think that the health warnings on cigarette packages are likely to prompt general smokers to think about quitting smoking?' and in the post-law survey with the question 'Do you think that the Tobacco Hazards Prevention Amendment Act implementation is likely to prompt general smokers to think about quitting smoking?' Responses were rated on a four-point Likert scale (very likely, likely, not likely and not very likely). Respondents who reported that they are not likely or not very likely to think about the health hazards of smoking and quitting were categorized as the reference group in the logistic regression model.
The independent variables included the survey time (pre-law and post-law), socioeconomic and demographic characteristics, smoking status and SHS exposure. The first wave of surveys conducted in July 2008, which was 6 months before the amended act, was categorized as the reference group in the logistic regression model. The second wave of surveys was conducted in March 2009, which was 3 months after the implementation of graphic health warnings and the smoke-free law. Respondents' socioeconomic and demographic characteristics obtained in this study included gender (male versus female), age (15-39, 40-59 and 60+ years), educational attainment (elementary and middle, high school and college and higher), employment (yes versus no) and monthly income (NT$ <20 000, 20 000-49 999, >50 000 and unknown). Respondents' smoking status was categorized as current smoker versus non-smoker.
To measure SHS exposure, individuals were asked if anyone had smoked in front of them at their workplace, household or in public places during the past week (yes versus no). In addition, individuals were asked whether they felt that smoking increased, lessened or was about the same in their workplace, household or in public places after the new act. The question of 'public place' SHS exposure was not anchored to regulated places, thus individuals were further asked which public place they often encounter anyone smoking in front of them during the past week. To measure notice of the cigarette warning labels, individuals were asked whether they noticed health warnings on cigarette packages during the past month (yes versus no). In addition, during the second wave of the surveys, individuals were asked whether they felt unpleasant due to graphic warnings (strongly pleasant, pleasant, unpleasant and strongly unpleasant) and whether they will give quit advice due to graphic warnings (very likely, likely, not likely and not very likely). Also, individuals were asked whether they were satisfied with smoke-free environments after the new act. Responses were rated on a four-point Likert scale (strongly satisfied, satisfied, dissatisfied and strongly dissatisfied).
Analyses
SAS software (version 9.1) was used to analyze the data sets. To assess the prevalence of public awareness of the health hazards of smoking and SHS and thoughts of quitting in the two waves of the surveys, estimates were weighted to each respondent's probability of being selected and the age-, sex-, area-and education-specific populations of the 2007 Taiwan census. Chi-square tests were used to compare the changes of thoughts about health hazards, thoughts about quitting and SHS exposure in the pre-and post-law surveys. Only significant F.-c. Chang et al.
changes pre-law to post-law (at P < 0.05) are reported in the Results section. Univariate and multivariate logistic regression analyses were used to estimate the change in the odds of thoughts about health hazards and quitting in the two waves of the surveys across socioeconomic and demographic correlates (gender, age, education and income), smoking status and SHS exposure. In addition, the analytic sample includes only smokers for the second model with quitting as the dependent variable. Table I lists the weighted percentages for the socioeconomic and demographic characteristics of both smokers and non-smokers for the pre-and post-law surveys. Total respondents were mainly aged 15-39 years with college-level, or higher, educations and monthly incomes of less than NT$20 000. Chisquare tests for the entire sample showed that there was no significant difference in gender, age, education and monthly income among respondents to the pre-and post-law surveys (Table I) .
Results
Characteristics of participants
Reactions to health warnings and the smoke-free law Table II indicates that the prevalence of noticing health warnings and of thinking about health hazards and quitting significantly increased after the new act was implemented in Taiwan. For example, the weighted percentage of noticing health warnings increased from 38.3% pre-law to 47.5% postlaw, while the prevalence of thinking about the health hazards of smoking increased from 65.8 to 92.0%. By smoking status, the prevalence of thoughts about health hazards among smokers increased from 50.6% pre-law to 79.6% post-law, while the prevalence among non-smokers increased from 68.8 to 94.1% during the same period.
The prevalence of perceptions of general smokers' quitting motivation increased from 24.4% pre-law to The impact of graphic cigarette warning labels and smoke-free law 67.4% post-law. Similarly, for smokers, the prevalence of thoughts about quitting due to warnings increased from 30.2% pre-law to 42.5% post-law, while the prevalence of thoughts about quitting due to the new act was 51.7%. In addition, 58.7% of respondents reported that the new graphic warnings made them feel unpleasant; while 64.3% reported that the graphic warnings had led them to think about giving quit advice to their family and friends. The workplace SHS exposure prevalence decreased markedly from 28.5% pre-law to 7.3% post-law, while household SHS exposure prevalence decreased from 36.8% pre-law to 21.3% post-law. Overall, 91.9% reported being satisfied with smoke-free environments after the implementation of the new act.
Thoughts about health hazards/quitting by socioeconomic and demographic characteristics and by SHS exposure
The results indicated an overall increase in the prevalence of thoughts about health hazards and quitting for groups from different socioeconomic and demographic characteristics and differing SHS exposure after the new act became effective. By gender, the prevalence of thoughts about health hazards among females increased from 68.3% pre-law to 95.1% post-law, while the prevalence among males increased from 63.5 to 89.0% (Table III) . Similarly, the prevalence of thoughts about quitting due to the new act among female smokers increased from 18.0% pre-law to 47.5% post-law, while the prevalence among male smokers increased from 31.6 to 52% (Table IV) . Similarly, for smokers who reported not being exposed to household SHS, the prevalence of thoughts about quitting increased from 21.1% pre-law to 56.9% post-law, while the rates among smokers not exposed to workplace SHS increased from 27.7 to 52.2%.
Factors related to thoughts about health hazards
Univariate logistic regression results indicated that the following factors could be used independently The impact of graphic cigarette warning labels and smoke-free law Table IV. F.-c. Chang et al.
to predict an increase in the prevalence of thinking about the health hazards of smoking: the 2009 amended act, being female, being older, having an elementary/middle-school level of education, monthly income less than NT$20 000, not being exposed to SHS in the workplace/household, reporting that fewer people smoke in the workplace and home after the new act, being a non-smoker and being satisfied with smoke-free environments after the new act (Table III) .
Results of the multivariate analyses indicated that after adjusting for socioeconomic and demographic variables and for smoking status, the odds of thoughts about health hazards [odds ratio (OR) = 6.39, 95% confidence interval (CI) = 4.84-8.44] increased after implementation of the new act. In addition, after adjusting for survey time, socioeconomic and demographic variables, older individuals of more than 60 years of age were more likely to report thoughts about health hazards, while current smokers and people with college-level, or higher, educations were less likely to report thoughts about health hazards.
Factors related to thoughts about quitting
The univariate results showed that the implementation of graphic warnings and the smoke-free law significantly increased the odds of thoughts of quitting smoking (Table IV) . Moreover, people who reported that fewer people smoked in the workplace and at home after the implementation of the new act and being satisfied with smoke-free environments were more likely to have thoughts about quitting smoking. In addition, smokers who thought about the health hazards of smoking were more likely to report thoughts about quitting (OR = 9.49, 95% CI = 4.85-18.59). Results of the multivariate analyses indicated that after adjusting for socioeconomic and demographic variables, the odds that smokers would have thoughts about quitting (OR = 2.39, 95% CI = 1.48-3.87) increased after implementation of the new act.
Discussion
This study showed that implementation of graphic cigarette warnings and a smoke-free law was associated with an increase in warning label salience and on thoughts about health hazards and quitting. For example, compared with text-only warning labels, the implementation of graphic warning labels increased the prevalence of thinking about quitting by one-third (from 30.2 to 42.5%), while the new act (combination of graphic warnings and smoke-free law) increased the prevalence of thinking about quitting by two-thirds (to 51.7%). Our findings are consistent with prior studies [1, 10, 22, 23] that indicate the implementation of stringent smoke-free laws and policies that promote the use of graphic warnings were associated with a greater impact on prompting smokers to think of quitting.
The results found in the present study are consistent with other studies [7, 8, 22, [24] [25] [26] indicating that graphic warning labels were significantly more effective than text-only warnings in increasing the public awareness of the health hazards of smoking and in prompting smokers to think of quitting. In addition, we found that smokers who thought about the health hazards of smoking were more likely to report thinking about quitting. This result demonstrated the positive effect of graphic health warnings on promoting smoking cessation. Similarly, a study found that cognitive and behavioral responses toward health warnings predicted quit intentions and self-efficacy [27] . According to Taiwan quitline utilization data, after the introduction of graphic warnings, which included the Taiwan toll-free quitline number on cigarette packages, the number of calls to the quitline between January and June 2009 (20 458 calls) had more than doubled from the previous year for the same time period (9065 calls). This result is consistent with results from a study in Australia [28] that found that the introduction of graphic warnings and the quitline number on cigarette packets boosted demand for quitline services. Similarly, another study found that warning label salience, thoughts about health hazards and thoughts of quitting were independently predictive of quitting activity [22] .
After implementation of the new act, there was a nationwide reduction in self-reported SHS in workplaces and homes. Our findings are generally
The impact of graphic cigarette warning labels and smoke-free law in accord with other studies [11, 14, 15, [29] [30] [31] [32] [33] [34] [35] [36] that found smoke-free laws to be effective in reducing SHS exposure in workplaces, restaurants and bars. Moreover, respondents who reported that fewer people smoked in the workplace and at home were more likely to report thinking about the health hazards and of quitting smoking, while smokers and people being exposed to SHS had a lower probability of thinking about the health hazards of smoking and SHS. These results help illuminate the potential advantageous effects of motivational thoughts about quitting smoking and in establishing smoke-free environments. This study is consistent with other studies [10, 19, 37] that support the importance of enforcing smoke-free laws and expanding smoke-free environments to promote thoughts of quitting, quit attempts and long-term abstinence. A study in Taiwan also showed that three-fourths of smokers said that they smoked less in front of children and non-smokers after the introduction of the 2009 amended law [38] . A review study showed that a smoke-free home could not only decrease household SHS but also encourage smokers to make a quit attempt and be abstinent [17] .
This study indicated that the implementation of the new law was associated with increases in awareness of the health hazards of smoking and thoughts of quitting across different socioeconomic and demographic groups. Young adults were less likely to think about the health hazards of smoking compared with elderly. However, we found that the prevalence of thinking about the health hazards of smoking among young people had increased significantly. Since most young people work, the smoke-free workplace policies combined with graphic warnings may have a stronger impact on increasing a young adult's thoughts about the health hazards of smoking. In addition, the act media campaign and the fine strategies may also have contributed to the increase in respondents' thoughts about health hazards and quitting after implementation of the amended act. Other studies [28, 39] have found that comprehensive smoke-free policies can increase the social unacceptability of smoking and an awareness of the health risks.
In addition, this study found that the prevalence of smokers who reported that implementation of the new act was likely to prompt general smokers to think about quitting smoking was higher than the prevalence of the new act to prompt smokers themselves to think about quitting. This result demonstrated the third-person effect that people tend to believe that media message has a more powerful influence on the attitudes and behaviors of others than on themselves [40] . Non-smokers were also influenced by the implementation of graphic warning labels. This study indicated more than half of non-smokers reported feeling unpleasant due to graphic warnings, and approximately three-fourths of non-smokers reported that graphic warnings made them think about giving quitting advice to their family and friends. The 'third-person effect' of the smoke-free act campaigns and graphic warnings could positively influence smokers to quit as well as preventing youth from beginning [41] .
Prior studies [1, 42, 43] found that smokers who reported greater negative emotional reactions to warnings were more likely to have quit attempts. The present study showed that about two-thirds of smokers felt unpleasant due to graphic warnings, while half of smokers thought about quitting. Future research should monitor the effectiveness of existing graphic warnings and should develop more effective larger sizes of warnings with vivid pictures that evoke negative emotional responses to enhance quit attempts over time. A prospective study [7] found that changes in health warnings were associated with increased effectiveness and that it decreased the wear-out effect of warnings. Also, large graphic warnings were more likely to retain warning salience over time. In addition, the long-term impact of graphic warnings combined with smoke-free laws and how they effect thoughts about quitting and smoking cessation activities-such as the utilization of outpatient smoking cessation services and the quitline-as well as cessation prevalence and health effects among various subgroups of the population should be examined further.
Limitations
This research has some limitations. First, the present study used a cross-sectional design and no F.-c. Chang et al.
control group. Historical events such as media campaigns, educational activities and other elements of the law such as cigarette display restrictions and magazine advertisement bans may have influenced the prevalence of thoughts about health hazards and quitting. Second, the effects of the 'smoke-free law' and the 'warning labels' may not be separated clearly since these regulations were implemented at the same time. However, we used different questions to measure the effects of 'smoke-free laws' and 'warning labels' separately. Third, instrumentation bias may occur due to different wording for the questions on the pre-and post-law surveys to measure 'thoughts about health hazards' and 'thoughts about quitting' from text-only warnings to graphic warnings and smoke-free law. This study described the pre-and post-law results separately. Fourth, the study used self-reported data. Measures of SHS exposure that are self-reported are potentially less accurate than measures obtained using biomarkers. However, a prior study [44] showed that workers who reported workplace or household SHS were about 90% accurate according to measurements of serum cotinine.
Fifth, the samples recruited in the two surveys showed some small socioeconomic differences, but these differences were controlled by weighting the findings according to age, sex, area and education distribution of the 2007 Taiwan census. This technique also ensured that changes in response were not the result of changes in age, gender, area and education distribution of respondents in different surveys. Sixth, the sample size of smokers was small. However, only socioeconomic and demographic variables were included in the multivariate analysis. Finally, potential biases from selection and refusal to participate must be considered. For example, some smokers may dislike talking about smoking ban issues. Despite these limitations, our study provides evidence to support the enactment of a comprehensive smoke-free law in combination with graphic warning labels on cigarette packages to increase awareness of the health hazards of smoking and SHS, to prompt smokers to think about quitting and to decrease SHS exposure in the workplace, at home and in public places.
Conclusions
In conclusion, the implementation of smoke-free legislation in combination with graphic health warnings on cigarette packages in Taiwan was associated with raising the awareness of the health hazards of smoking, prompting smokers to think of quitting and reducing SHS exposure. The new graphic warnings were more likely to be noticed than the previous text-only warnings. A combination of the effects of smoke-free law and graphic warnings significantly increased the odds of thoughts about the health hazards of smoking and quitting. In addition, those who reported fewer people smoked in the workplace and at home, and who reported being satisfied with smoke-free environments after the new act were more likely to report thinking about health hazards and were motivated by thoughts of quitting. Smokers who thought about the health hazards of smoking were more likely to report thinking about quitting. Further efforts are needed to develop effective and vivid pictorial warnings, promote smoke-free homes and smoking cessation and to strengthen enforcement of existing legislation.
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